An enzyme activity with the characteristics of RNA-directed DNA polymerase (reverse transcriptase) was detected in marrow from patients with leukemia in relapse and in firm hematological remission. Material having the enzyme activity, when analyzed in sucrose gradients, appeared as two distinct homogeneous bands of particles with densities of about 1.17 and 1.23 g/ml. The enzyme activity was stimulated by exogenous template poly(rC)-(dG)12_18 but not by (dT)12-lS. The enzyme activities in these bands also increased (1.7-to 24-fold) after culture, and both bands with enzyme activity were obtained from the cultured cells and from the supernatant medium. Electron microscopic studies showed that the two bands contained particles resembling leukoviruses or their cores.
Leukocytes from patients with leukemia contain a DNA polymerase with the characteristics of an RNA-directed DNA polymerase (reverse transcriptase) (1) (2) (3) (4) . This enzyme activity is associated with a cytoplasmic subeellular fraction having a density characteristic of leukoviruses (5, 6) . Further, Gallo et al. (7) have demonstrated homology between DNA svnthesized by human reverse transcriptase from an endogenous template and RNA of leukemia and sarcoma viruses of simian and murine origin.
Recently, we reported that reverse transcriptase activity increases after culture of marrow cells from leukemic patients in relapse and in remission (4) . In the present communication we show that this reverse transcriptase activity is associated with two discrete bands of particles with densities of about 1.17 and 1.23 g/ml, respectively. The amount of reverse transcriptase activity found at these densities increases after culture. Particles with reverse transcriptase activity can be identified not only in the cells but also in the external supernatant fluid. The biochemical and morphological properties of the particles are consistent with those of leukoviruses.
MATERIALS AND METHODS
Patient Material. Fourteen specimens of bone marrow were obtained from 13 patients with leukemia and two specimens from nonleukemic patients during the course of hematological investigation. Morphological diagnoses of acute myeloblastic leukemia (AML) and acute lymphoblastic leukemia (ALL) were made by described criteria (8) . Patients were considered to be in marrow remission when their marrow preparations contained less than 5% blast cells in association with normal erythropoiesis and platelet formation, with normal blood levels of granulocytes and platelets in excess of 100,000/mm3. Suspension Culture Procedure. Nucleated marrow cells, obtained from buffy coat preparations, were cultured in suspension as described (4 Detailed results of similar studies on nine marrow specimens obtained from eight of the 13 patients with leukemia are summarized in Table 1 . Endogenous reverse transcriptase activity banding in two peaks, one with densities in the range 1.20-1.25 g/ml (peak I) and the other in the range 1.16-1.19 g/ml (peak II), was identified in all specimens regardless of the clinical status. After culture, reverse transcriptase activity associated with particles of densities characteristic of either or both of peaks I and II was found in cells and supernatants. In each case, the total activity was greater after culture than before, although the extent of the increase varied greatly from patient to patient. In one patient, G.A.R., reverse transcriptase activity was lower in remission than in relapse, but increased almost to the relapse level after the cells were cultured. Since cell number decreased during culture, reverse transcriptase activity after culture is expressed in terms of cpm per culture Fig. 3 the middle panel shows that obtained when peak I was rebanded. Some activity was recovered at the density characteristic of peak I, while the rest was distributed throughout the gradient. In contrast, when material from peak II was rebanded (bottom panel of Fig. 3 ), activity was recovered at densities characteristic of both peaks. This result is compatible with a breakdown of particles with density characteristic of peak II to others of density characteristic of peak I.
Electron Microscopy. Marrow from four patients with leukemia was cultured tq obtain specimens for electron microscopy. Materials banding at the densities of peak I and peak II were examined after positive and negative staining with Uranyl acetate. Fig. 4a and b shows particles typical of those observed after positive staining of material of peak II. The particles are about 100 nm in diameter, have densely stained peripheries and in some instances, central dense regions with angulargutlines. Particles of smaller diameter were also present. Specimens prepared from material of peak I and negatively stained consisted almost entirely of smaller particles, as shown in Fig. 4c and d (Fig. 4c and d) .
DISCUSSION
In agreement with Sarin et al. (5) and Kufe et al. (6) , we have found that the reverse transcriptase activity in cells from patients with leukemia is associated with particles of densities characteristic of leukoviruses. We report here that the enzyme activity associated with such particles increases in cultures of leukemic marrow cells, and that particles are recovered in the supernatants of such cultures. Material with reverse transcriptase activity was detected in two regions of the sucrose gradients, one at density range 1.20-1.25 g/ml (peak I), the other at density range 1.16-1.19 g/ml (peak II).
As seen in the electron microscope, material from peak I consisted almost entirely of particles having a limited size range, 55-80 nm, and having common structural features, in-eluding surface projections or subunits. It has been shown by Nermut et al. (11) that a murine leukemia virus (Friend) possesses a core covered with regular subunits, and recently it has been reported that cores from pig leukovirus show a similar structure (12) . The particles that we observed in specimens made from the denser peak of human leukemic material are of about the same size and density as murine leukemia virus cores [65-70 nm and 1.24-1.26 g/ml, respectively (13) ], and possess surface subunits. Although the arrangement of the subunits lacks regularity, probably due to damage during the preparative procedure used, they bear some resemblance to the morphological subunits or capsomeres of which viral capsids are composed.
Recently, Benz and Moses (14) have reported particles with a virus-like morphology in fetal calf serum. To avoid the possibility of confusion with such particles, we prepared cultures for electron microscopy in the absence of serum or with 1% pooled human serum.
The present study confirms our previous findings (4) that reverse transcriptase activity is present in cells of patients with leukemia both in relapse and in remission, and this activity increases in suspension culture. The present studies provide evidence that the increase is associated with new synthesis, since ['4C]uridine was incorporated into material that banded in sucrose with reverse transcriptase activity (Fig. 1) .
We have examined marrow specimens from two patients without malignant disease and failed to find discrete peaks or reverse transcriptase activity or any other evidence of leukovirus-like particles either before or after culture. These controls are inadequate to allow us to conclude that there is a relationship between the leukovirus-like particles and leukemia in man; hemopoietic cells derived from fetal liver or from marrow recovering after injury would be more appropriate control materials. Nonetheless, the particles obtained from patients with leukemia have similarities in their physical, biochemical, and morphological characteristics to C-type virus particles known to cause leukemia in other animal species (15) . These similarities are the major basis for considering that the particles reported in these experiments may be significant in human leukemia.
